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The electrical membrane characteristics and activity of an amphibian sympathetic neuron and the mode of its synaptic transmission studied with intracellular microelectrodes have previously been reported by Nishi and Koketsu (1960) . Further analysis has been carried out on the neurons of the lumbar sympathetic ganglion of toads.
The present paper deals with the electrical responses of two different sympathetic neurons, one of which protrudes a B fiber as its axon (sB neuron) and the other a C fiber (sC neuron), and the mode of the presynaptic innervations of these two neurons. The authors found that the electrical responses of the two neurons are characteristically different from each other, especially in the configurations of their after-potentials, and in the manner of the separation of their antidromic responses under the hyperpolarization of the soma membranes.
The modes of presynaptic innervations of these two neurons were also found to be very specific the two postganglionic elements receive innervation independently from the preganglionic neurons of the same types, and no interconnection was found between the pre-and post-ganglionic neurons of the different types.
Such an innervation pattern is characteristically different from that of the mammalian sympathetic nervous system. In this system it has long been known that the postganglionic elements are innervated exclusively by the medullated preganglionic elements; the B fibers.
MATERIAL AND METHODS

Material
Toads (Bufo vulgaris formosus) were used throughout the present experiment. The lumbar sympathetic chain, containing the 8th to the 10th ganglia, together with the corresponding spinal nerves and ventral roots were carefully dissected out.
Special attention was paid to avoid injuring the rami communicantes and the interganglionic connections.
The preparation was placed in a small Lucite chamber divided into three compartments.
The lumbar ganglia were placed in Extracellular recording of the activity of postganglionic fibers In the toad's lumbar sympathetic chain, the most appropriate position for the surface recording of the electrical activity of the postganglionic fibers is the proximal part of the postganglionic branch of the 10th ganglion. A great number of postganglionic fibers of this ganglion, in most cases, descend into this single nerve branch and join with the loth spinal nerve at the point several mm from the caudal edge of the ganglion.
The sites of the stimulation and recording are schematically shown in Fig. 1 . 
Antidromic responses of single sB and sC neurons
After the insertion of a single neuron with a microelectrode, the identification of its type was made by measuring the latency of its antidromic response to sciatic nerve stimulation. Fig. 2 shows the antidromic responses of sB (upper record) and sC (middle and lower records) neurons being so identified.
As is seen in these records the responses of sB and sC neurons have characteristic configurations of their own.
In the sB neuron, the spike action potential is followed by a long lasting positive after-potential, while in the sC neuron its after-potential has a triphasic configuration consisting of relatively short positive and negative phases and a long lasting positive phase. The natures of spike potentials of both neurons were not so markedly different from each other, as is indicated in Table  1 in which the magnitudes of each component of sB and sC neuron responses were shown.
The succesful insertion of sC neurons was considerably difficult. The electrodes having tip resistance less than 20 Ml caused an immediate deterioration of the response, so that electrodes having a much higher resistance had to be used for the insertion of sC neurons.
The resting potentials of succesfully impaled sC neurons were usually approximately 50 mV which is a considerably smaller value than those of sB neurons (65 mV on the average). Antidromic responses of sB (record 1) and sC (records 2 and 3) neurons. Conduction velocities of the sB and sC neuron axons were 4 m/sec and 0.25 m/sec respectively. Records 2 and 3 were taken from the same sC neuron.
In record 3, the first two phases (positive and negative) and the initial part of the third phase (positive) of sC neuron after-potential are shown. Separation of antidromic responses of sB and sC neurons by hyper polarization Similar to the sympathetic neurons of Rana pipiens, the antidromic response of sB neuron was fractionated into three component spikes (soma, initial-segment and axon spikes) by the hyperpolarization of the soma membrane (Fig. 3) . In the case shown in Fig. 3 , the IS spike was not isolated from the full S spike because a steady hyperpolarization was applied to the soma membrane (cf. (2) ), but a step (indicated by an arrow in record 3), indicating the delay in the conduction of S-IS junction, is observable.
In any case, the separation of sB neuron responses was always in the all-or-nothing fashion.
As is shown in the lowest record, the isolated axon spike (Ri) clearly revealed a step by an intense hyperpolarization and failed at the point of inflection, also in the all-or-nothing fashion, leaving a SYMPATHETIC B AND C NEURONS The separation of the antidromic response of sC neuron under the applied hyperpolarization of the soma membrane was characteristically different from that of sB neuron.
The full spike of sC neuron was fractionated in the all-or-nothing fashion by a moderate hyperpolarization, leaving a small spike which resembled the IS spike of sB neuron (Fig. 4, record 2) . This isolated small spike, however, has never been fractionated in the all-or-nothing fashion by a further increase of hyperpolarization.
The increase of applied hyperpolarization always resulted in a gradual decrease of the height of this isolated small spike (records 3 -7). This type of decrement in the isolated spike height apparently reflects the lack of segmeatal myelination in the sC axon.
Since the isolation of an IS-like spike may correspond to the conduction block at the axon-soma junction (cf. (2)), it is feasible to call the spike as proximal axon spike.
The height of this isolated spike may be dependent upon the distance between the tip of the electrode and the position where the blockage occured.
Conduction velocities of postganglionic sB and sC neuron axons 1) The conduction velocities in the preganglionic fibers are directly proportional to those in postganglionic fibers.
2) The conduction velocities of preganglionic fibers innervating the post ganglionic sB neurons are faster than the latter's axon, with an average ratio of 1.6:1.
The situation is reversed in the sC neuron system in which the ratio was approximately 0.9:1.
DISCUSSION
The action potential of sB neuron is followed by a monophasic positive after- In the previous experiment on the sympathetic neurons of Rana pipiens, the isolated IS-like spike by hyperpolarization always showed a definite inflection on its ascent and failed from the point of inflection in the all-or-nothing fashion. It was speculated, therefore, that even in the nonmedullated axon there must be a difficult point for antidromic conduction located in the vicinity of the axon-soma junction.
The present experiment revealed, however, that the IS spike of sB neuron is fractionated in the all-or-nothing fashion, but the IS-like spike of sC neuron which is supposed to be generated from the proximal part of its axon can not be fractionated in that fashion. All artificial blockage experiments in the previous study, therefore, might be done with sB neurons of Rana pipiens. The present experiment revealed that the preganglionic fibers innervating the sB neurons have conduction velocities of B fibers without a single exception. Furthermore, the majority of these preganglionic fibers conduct impulses faster than the axons of sB neurons to which they terminated with an average ratio of 1.6:1. This conduction velocity ratio probably means that the average diameter of the preganglionic fiber is about 1.6 times larger than that of the sB neuron axons, providing the conduction velocity of medullated axon is directly proportional to its diameter.
Similar to the sB neuron system, the postganglionic sC neurons are innervated exclusively by the preganglionic C fibers. In this system, however, the conduction velocities in the preganglionic fibers are slightly lower than the postganglionic fibers, with an average ratio of 0.9:1. The conduction velocity of non-medullated axon was reported by Pumphrey and Youngll' to be proportional to the root of its diameter.
It appears, therefore, that the average diameter of the preganglionic C fibers is about 4/5 of that of postganglionic fibers. These calculations, however, are all based on the assumption that a preganglionic fiber has a uniformly cylindrical structure and a constant conduction velocity down to its terminal.
For more precise calculation, the minute anatomical feature of preganglionic terminal arrangements must be elucidated. Thus the present experiment clearly demonstrated that the amphibian sympathetic nervous system can be divided into the two main groups; the fast conduction system composed of pre-and post-ganglionic sB neurons and the slow conduction system composed of pre-and post-ganglionic sC neurons. Hutter and Lowenstein and Lowenstein reported that in the sciafic nerve of Rana pipiens three groups of sympathetic fibers, B, C1 and C2, conducting impulses at velocities of 3-6 m/sec, 0.4-0.6 m/sec and 0.2 m/sec respectively, are detectable. They demonstrated that in the motor nerves, only the slowest conduction group (C2 fibers) is present, this group being responsible for a facilitation at the neuromuscular junction. Lowenstein further demonstrated that the two faster groups (B and C1) among the three innervating to the frog's skin facilitate the response of a tactile receptor to a mechanical stimulus.
According to their results, the sC neuron system must further be divided into at least two sub-groups: Ci and CZ elements. The detailed roles of sB and sC neurons on autonomic of fectors remain to be elucidated. SUMMARY 1. The toad's sympathetic ganglion is composed of two kinds of neurons, one of which protrudes a B fiber as its axon (sB neuron) and the other a C fiber (sC neuron).
The electrical activities and the presynaptic innervations of these neurons have been investigated with intracellular micro-electrodes. 4. The antidromic response of sC neuron was fractionated into two component spikes (proximal axon and soma spikes). The proximal axon spike has never failed in the all-or-nothing fashion, but decreased gradually as hyperpolarization was increased. 
